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k’] c,ner,; e. It 15 also fr*uuenti/ run d: 65 kV charge far non-~dLn
,!s aner~t:nQ Zarsmeter? dr~ tfien 3C2 KU and 42 kt} at the same

enqtn, its cgid-c.sthode QranhLte felt enLt!er has dimensions of !l?l.6

I cm. Tn Lts prsvLaus co)7figuratlan, lts hlbacnl aiso ser’~ed as lts

The prgvLcus hlbdcnL cansLsted of a rau of S3 vertkcal slots, each

cm hlgrn, !.?5 cn wlae, dnd 2.5A CFI aeeo, Seodrsted by ribs 0,16 cm ulde

al wd5 Al 6JEil-TsGi, A 25 ~m tltanlum





unLformlty. 4 oalr of magnets ua~ orocured ~ut grahlems with lts power
3uuDiy, and the neea to mdintaln oiaoai AIJf+OMm scneouie, forces Lts temorary
ahandonmenti lt WL1! be oursued men scheauie uermlis. The dlscuss~on on sail
per+armance in this paper wlli be Ilmltea to the axLai-fleid-Free case only.

The ecuat:ans of motLon, with E = 0, in car:e31an c30rdLnate3 are:
~

d\~m\ ) - -CJVH Equation I
--- x :Y

c:

.
di~w ) = uv B EquatLon 2

--- Y 2X

dt

‘ Yd( rev)= QvE- Qv % + GE E~uatLon 5
--- : XY ix z

dt

wne-e v , v , v are ccmponenc velocltles, E , B , E are comuanent f~eids,
.< Y: x Y:

a and m are the electron charqe and mass rG50eC?lVely, fLs the relat:vlstlc

fac:ar , and c LS the speed of l~ont. The dlaoldcenent X , Ln the x dlrec?~on,
may be obtalnea fram Ean,s. I and 3 with the subst~tutlon:

Eauatlon A

where

I E!ec!ran rest energy

li- abs - - - --- - - .- --- - - -- -- - I
a L Electron charae

J

tJ autaln:

L. .1
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Eauaiaon G
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Eauatlons 5 and 6
functLon af axLal
anode-cathode gap

L A

are solved for the normal displacements X and Y as a

displacement : Ln tuo regLons. The FLrst region LS the
uhere jhe potentLal dLstrlbut~on for an lnFLnLte planar

Child-Langmulr oLocM Ln the non-relatlvlstlc lxmlt [5] T(z) LS used Ln the

exoressLon for .

where u = abs ( cathode voltage )
0

d ● anoda-cathode spacLng

Equation 7

The gecgnd ~gqlon 1S the Dost-anode dr18? region where electron eneray is

d canslant ana no space-cher~a efcec:s are Lncludea. The solutLon Ln the

smcot?a raalon has an arbLtrary constant that LS detarm~ned by normelL:lng
salutLons at tha anoda. The fLald components 8 and E are calculated for a

x Y
rectangular beam as dascrLbed Ln [4].
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10SSOS of a hLaaca L hdvlng only vert Lcal slots (as hds the SAM). The progrsm

Lncluaes Mail currsnt corrac?Lons to the magnatlc fLeld by tha nathod of
Lmdges . ThLs pr~caaurg does not desc~lbe the fLelds DrscLsely sLnce it

assufnas LdadlLxad r9turn currents. PwtAcle trajectorLas dra c~lculated usLno

the magnat:c f}ald at Iha Uolnt Of emLssLon ovar the full tr~JOC?OrY and

corr9ct:ons to the electrAc GotantLal are not made bdsecl on boa~ uLnchLng.
The eQudtLOnS are not t~mwdeoenctentl single-value cathode voltatae and

cur~ynt densl}.y are assumad. However, thLs SLPKI1O acaraacn daoodrs tc Dr9dLCt
rglatLve trsnsmLsslans that agrse wLth neasuraa rasults.

The Lntant of thLs omarcLsa uds to pravLda the hLbdCFtL designer wLth a useful

tooi to pr~vlde a rglatLwa flgura of merLt for vdrlous hlbacnLs under

cansLder9tLar,. At Prasent thL9 !Yrbgr.sn WL1l only wor% far hLbachls u~th one
row of slots, L.c., only vartLcal rLbs.
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Some ccnc!usLans from numer:csi caiculatLan:

Thin hLbdc!?ls with the largest oossLble slots have the least shading.

Ever-slmLnLsnLng returns on transmLssLon LS obtained ds hlbachL thLchness

LS proGresslveiy reauced (snallou hlbacnl ribs) or ~iot area progressively

Lnc?eased ( few hLbachL rLbs).

The ver?~c si dlsDIacement of edge ●iec?rons along the long ●mLtter
dLmens:on, CdlCUlatad at the foil plane, 15 ldrgeSt fOr those GleCfrOnS at

the central uor:lon of the long cage. The hor::oniai displacement shoue a

sLmL!ar trena along .the snort dLmensLorr. Hence the sLmole model ErOdLCtS

the e-hesm footar:nt on the foLl la sliqntly bona-shdoscl.

The model demonstrates that the ogtimal slot confLguratlon for a

rectangular d~oae uLthout external fAeid is obia~nea by orl~rtting the

slots wLth theLF long sLdes nomai to the local magneCLc fLeid.
Fqr a long skLnny cathode, th:s translates into a single row of
vert:csi ly-orLented slots (perpendicular to the long emLtter dLmensLon).

-.

EaUatLOn~ that descrLbe other astaects of the same problem my be found in
[~], [6], ana [7] for the Lnter09tOd reader.

Mechanical Design
--- - - . . -. .- . . - . . .

Aiumknun c92J-~al w~s cmg3G- aa the fo:! matsr:a! LR the S%l For L!S

reidt:veii hLG~ tensLle strsc~:n i~or an djum:num aiigy), Its resLstdnce to

fluorLne attack, ana Lta 10U atOF!LC numoer; the small ld~er apW~Ure JL:e

maae rs?!ec:~vlty a non-:ssue. Its thLckness of 61 m uds Lnadvertantly
P

chosen from lts avaLlaoLl~ty, The Calculated temueratura rise for thLs

materLal uas OetlF!dtOd to be aooroximately 80 C using measured SAM voltage

and curreni waveforms maaaur~d at the busflLngl the busnLng Lnduc?ance uas nOt

taken LfltO aCCOUnt in thLS OStLmate Of voltage. ThLs temperature rise wds

consLderad !O be safa for Al 202A-T81 sLnce Lts str~ngth does not

3UbStafltLdllY dec-ease untLl lS~ C to 200 C La reached, Ihe calculated
temperature rise was estLmated to be aoDroXL”lateiy 90 C for 6;

k

r

Al fOL1 and
120 C @or 51 n TL fOLl for the PR. The back-uo pos:tLon, shau d dlUF!LnUm

fOL19 faLl e to beam hotsoats, would be to r~vert to tLtanLum foils.
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Past experLenca uLth membrane stress equatLons had lndLcated thai these

ecuat~ons uere too conservative for the deaLQn of hAbacnL slot sLzes. These
eauatLons aool~ea to aeslgn of the Intermeaaace AmDilfLer h:bacnl res~lted in
a 5trUc?UrC uhose foLl faLled ta rupture ai pressurss greater than Isa z af
the aeyL;red aoLnt. TFILS exaer:encz, to~%the~ with reauced stres~ at the rLb

eace (from eil.oLLcai prciFL!~ng of the rLb eaces [El ). led to a short

tes::rg proqrm to me.dsure bursi pressures of soec:fLc sioi SL:SS of
Lnter9st. Tanslle stress at the center Of the faLl, calculated from burst

pressure data, can then ‘b’s camcared ulth the ult:mate tensL1e str=ss of

65,d20 gs~ auo~ez by the venaor.

The test Fi,,ture LS shown Ln FLQ. ~. The siot ●d~e design lncarporates the

~’Jc~ EJe7e<< ~ezcars~ l-a~cr~t~ry recamme=carLan, .dna ai! aur?aces in caniack
w::” the faL~ uers poi:snec ta 3 16 -:ncfl fln:sn. The dlffersn:iai pre:~ure
across the fOLi wds reaeatealy cyciea from :era to a preset levei by a t:mer-

oceraiea eOiGnOla Valve to s~mulate the mOCfiankCSl ServLce thg foil tiauid

unaergo. Escn C’/cie conslstea of acinlyLnQ pressure to tha foil, holdlng it
?13t- aoout a nLnute, ana ventLn~. Pre~sure could also be Lnzroduced anti

reLeased manually by a bypass toggle valve. While thLs oroceaure dld not
Slmuiaie the clYnamLc pressure lo,adlng due to ener~y deSasLtLon Ln the lasee
gas , Lt IJMS feit that this was a cast effective Camuromlse ulth realLty,

QLven that a S4fGtY faC?Or uould be Lncorporatea into the fLnal slot design.

Ten foils were tested Ln tuo different slot confiCuratLocs shown in tsb!e 1.

Th,! number of samples uas ●mallt limltee mangower uas avaLlaole at the tLme

to perform these tes~s, and tnsilng was staoued altogether uhen data uas

deemed sufflclant to extcact a tensile strength with hLgh confidence. Falls
shown Ln the tabie as surv~vlng I cycle were intentionally rugiurea to obta~n

an upper lLmit on preset Pressure. FOLI S faLlea after 1918 cycles at a lower
preasur%; we ha:araea the guegg that this wae due to some defect local to

thLs sample sLnce faLl 6 exceeaed fall 5 in cycle number and burst pressure.
FoLis 6 ana Id aLa not ruoiura by themselves ai all. FOL1 6 survLved 181S

cyc!e~ at 32 PSLU, had Ats pressure increased to 36 D~LQ for another Efld
cycies, and faLIOd at 47 psAg when pressure was manually increased. FOL1 10

sur./Lved 1255 cyc!es at 32.S us Lo, and ruotured when pressure uaa manually

lnc~ca~ed to 34 p~LQ. The data shows large scatter, pernag~ from

lndLvLdUdlltY of aoec:fc areas af fail, Or f4L1Ure tO F14Antaln Cdn8LStant

edge Clamolng COndltLO!IS. Howaver, the results showed that foils easily
SUrVLVed reoeatad Cycilng in the thou3and shat range at 90% of the lowest
sLngle-snot ruoiure pressure for each slot sL~e. The stress S in the center

of the foLl LS gLven by [91

s Equatlan 10

I
---

L--
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DesLOn Faraneters for the PA hAbachL slots are also ~noun in taole Z. Uhen
the pa hlbacn~ was de~lQnecl SOIIIe time after the Sfifl ’s, the safety marg~n used

Ln de3L~n uas dec~edsed Ln two WY3, We had notes that the narrouer slots of
the test fLxture, whose uhysLcai dLmenaAona were c!ose to the prooab:e fLnal

desLgn dIFtensLanS far the PR hLhac!IL slats, had a mLn:mm burst Ureslurs of
40 p5LQ (foLl 5 eataooLnt was Lgnored far raasons mentionea earlier)l thLs

translates !a a strea~ of 141,400 DSL at foLl center. A louered sa?ety facto~
o? ;.375 gLves a working stress of 102,800 PSL. It was feit thdt these

cnoLcas would he aaequate sLnce these uere based an actual burst data.

Both the SN’1 and PA have hLbicnls built into theLr diode boxes. The exi~tlng

hzbachL ribs in both amglLfLers uere compleia!y machLnad away and new

hLbaciIls faarLcated to seal ~ver the opened aoer?ures. ThLs retrofit method
increased the Des?-snode dr:ft reGLans Ln the SAM 5y 1.27 cm, and in the PA
by 2.2? cm. In dadlt~on, a ne’+ anode ~as fl?ted to the SAM. ThLs cansLsts of
a rzu of 25.lk m w~rss a~ac~d Q.6ji sm aoari; its geometrLc transmLssLon LS
fl.?~m /

Taaie 3 snous the calculated relatLve tranam~sslons for the WI. The
calculated reiatkve Lncr”sasea trsnwlsslon or’ the new WI hlbacnL, and hence
tne exuectea Lncr5dse Ln ener~y degosLtlon, L5 22 Z.

SM Experimental Results
- - . . - -- -., - -. - - .- - ---- - - -

bJhen the new hLbdchL and alumlnum foLl Mere Lnstalled, hctsoots Ln the beam

OcGSsAOnallY PunciuFSd the foLl at random locatLans. fis reiLdOLILty was
of h~gn Lmor?ance, alumlnum foLl uas abandoned Ln favor of TL foLl unlch has

a much higher meltLng temperature. A z8fin TL fOLl uas used.

/



M. . .,
A Earytron model 2:20A-a1000AH-5?0~4-a2 canacltanco manometer mounted on the

SAf’1 laser cavity had Er=vLoualY measured a 5= Torr pressure rise u~th 900

Torr of 0.S% FZ, 10% Kr, ana 09.5: Ar mLx at dloae parameter of j!i3 kU. 46

kA, and 2Q0 ns ful+~ prior to the hAbacnl change. This measurement had been

performed wLth a 25 m TL foL1.
r

The prea~ure Jumo mea~urement uaa re~eated ulih the new hlbachl unde~ the

same puiaea pouer ana gas conaLiLons. Energy deoasltlan lncreasea from 565 J
to 800 J, an Lnc=ease of 3S Z (versus 22% preaLctea by the model). We feel
the dlscesoancy betueen calculated and measurec values LS largely due to

Alumlnum foLl worked we!l mechanically in thLs deslcn though plagued with

failures fram beam hotscats. A 38
Y

Ti was 5ubstLtuted lnsiead. The

frequency of faLlure~ dt-opgea b~~ d~o not siag altageiher. EvLaenco o? damage

fran alunlnum-anoae rsturn currents ai the failure sites Mere observed on the
cathode. The faLlures occurea closer to hLbachL ribs than the cenier of

siot~. On the last fa~lure, me!ted blabs of aiumLnum (from the hLbachl) that

lanaea an the foLi were founa: tney were sur~eundea by heavy dLscaloratLon of
the TL faL! !lnd:cst;ng hesi:nc!. We ~ur~Lsed that the currmt de~slty (3d

fi/cm-~) was hLun enOu9h to cause vaPorLzatLon af the hLbaChL material. UhLle
thLs by i?sei? d:d not cause foLl faLlures dLrectly, the odd b’.obs of nolten

meier:al that lanaed an the faLl ezther weaKenea Lt. or caused an

exiraordlnary amount of beam energy to be stopped at these s~tes on
subaeauent ~not~. The prah!er. went auay after the uo~tream sLde of the

hlbaCnL uas coverea ulth Ta and W foil.

A prsssura rLse of 16a Torr had pravLou~ly been mea~urad w~th 75a Torr of

Q.SZ F;, 10% Kr, and 8q.5% Ar mLx at f’larx bank charae of +/- 53 ku (cathode

voltage !i~~ kV). ThLs cor~esoonds to g.~ kJ deoosLted energy. OwLng to Jittsr

proolems uLth the Harx generetor and output swLtch dufLnQ the as~~gned

checkout period, Lt was not passlb!.a ta measure layer cavLty enargy

deOOSltLOn at the same oulsea pouer lavels for dLrect comparison to tho
modei .

At prssent, pres~ure rise LS routinely 300 Torr at +/- 5d kd Marx generatar

charg~ (cathoae voltaqe S~Q k~j) , corra~usndlng to 17.7 kJ deoasLted energy

Ln~a a laser m:.< of a.:% F:, la% Kr, ana SS.T; Arm TiILS L5 a cgnservdiLve

numaer as deoosLted enerqles ae hLgn as 18.9 kJ have been measured at the
1.s

same pulsed power levels (deuenc;ng on PFL swLtchout time), Apolying V

scallng to the deoosLted energy for a 1 sldea pumg, 34S Torr or 20.4 kJ
deoosLted ener~y can be exoectea at +/- 55 kW Marx bank charge. This

translates to a relative increase of 2.0S (rat Lo of 345 ta 168 Torr). Hence

the new hLbachL anoa&rs to have met the daslgn al of doubled PURCI pouer.

-.
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TA2LE I : Test data for

s Z’{c:es

--------

1

1

1

I
!gl~

1615

883

1

1

I

1

1255

1 34 132,900

Ii) uith p=f-ac<ura gressure (csIQ), M=l~.Ge6 PSA for alumlnum,

n =d.23 for the 3.175 Ancn wide slot, and n =0,241 for the 4.176
~ 2

Lncn wide slot. ‘“’
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: Ure 1. SAM S!ot Ca nflcur~ti~

SiOi cGnfiqWaIiOn prmr toq.ucgraae
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r=n:urq 4, HIbachi rl~

Cmss-sec:ion ot hibachi rib
snawmg 8:1 ellipca protile.

idurq 3. Fqil orqsgurq fest flxturq4

A timer-cmerafed sdenmd vwe (not
shcwn) fills and ve, KI the test flxrura
onca a mirlW3.
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